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Objective: Recent approval by the Food and Drug Administration of custom fenestrated endografts has increased endo-
vascular options for patients with short-neck or juxtarenal abdominal aortic aneurysms (AAAs). We sought to compare
the early learning curve at a single institution of fenestrated repair vs the snorkel technique.
Methods: From 2009 to 2013, we performed 57 consecutive snorkel procedures for juxtarenal AAAs in an Institutional
Review Board-approved prospective cohort, and since the summer of 2012, we gained access to the Food and Drug
Administration-approved custom fenestrated device. Patient demographics, imaging, and operative techniques were
compared between the ﬁrst 15 cases for each of the snorkel (sn-EVAR) and fenestrated (f-EVAR) endovascular aneurysm
repair (EVAR) techniques.
Results: Patient demographics and AAA morphology on preoperative imaging were similar between the groups. Operative
time tended to be similar in the 3- to 4-hour range, with more ﬂuoroscopy time and less contrast material used in f-EVAR
than in sn-EVAR (P < .05) because of differing strategies of renal premarking. Larger delivery systems for f-EVAR
required a higher rate of iliac conduits (40% vs 0%). Perioperative complications, short-term renal patency rates, and
evidence of acute kidney injury were similar.
Conclusions: The early experience of f-EVAR was similar to that of sn-EVAR in terms of patient demographics, case
selection, and procedural characteristics. A signiﬁcant portion of the learning curve for both procedures, particularly for
f-EVAR, lies in the preoperative planning of fenestrations and the cannulation of branch vessels. Similar short-term
postoperative outcomes between these two particular techniques indicate that both will have utility in the treatment of
high-risk patients with complex anatomy. (J Vasc Surg 2014;60:849-57.)Endovascular aneurysm repair (EVAR) has replaced
open techniques in most centers for the repair of infrarenal
abdominal aortic aneurysms (AAAs), although approxi-
mately 50% of patients are treated outside the instructions
for use of the device.1,2 Limitations of current EVAR tech-
nology are most often related to anatomic constraints
around the proximal neck. In two-thirds of patients with
challenging anatomy, the proximal neck is less than the
required 10 to 15 mm or is unsuitable as a proximal land-
ing zone.3,4 Proximal neck adequacy and endograft seal
zone have also been identiﬁed as key predictors of long-
term outcomes and success after EVAR.5-7
Aneurysms with short infrarenal necks or those
extending to the level of the renal arteries therefore pre-
sent a challenging cohort for standard EVAR devices.
Before the approval of custom fenestrated devices in
the United States by the Food and Drug Administration
in 2012, homemade fenestrated8 and snorkel or chimney
techniques9-11 were developed to treat urgent or bailout-the Division of Vascular Surgery, Stanford University Medical Center.
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placement of covered stents in the renal arteries in a par-
allel “snorkel” conﬁguration, the length of the proximal
landing zone can be theoretically extended, and it has
the additional advantage of using immediately available
off-the-shelf endograft components. The technical suc-
cess and short-term AAA rupture protection afforded
by this strategy are now well published, and we were
early adopters of this strategy.12-20 Since the approval,
however, of the custom-manufactured ZFEN fenestrated
device (Cook Medical, Bloomington, Ind), there now is
an approved alternative for endovascular repair of short-
neck or juxtarenal AAAs.
Because our institution had early access to the custom
ZFEN device after approval by the Food and Drug Admin-
istration as well as our prior extensive experience with snor-
kel EVAR (sn-EVAR), we compared our early experience
with both techniques, with the goal to better delineate
the technical aspects and learning curves involved in these
strategies and to describe technical and planning issues
related to both approaches.
METHODS
The study methodology and design were approved
by the Institutional Review Board at our institution
and informed consent was obtained from all patients.
All patients were enrolled in a prospective registry of
complex EVAR, and the patient demographics, preoper-
ative imaging, procedural characteristics, and postopera-
tive outcomes were retrospectively analyzed between
sn-EVAR and fenestrated EVAR (f-EVAR). Our ﬁrst849
Fig 1. Modiﬁcation of 10-mm Dacron graft by bisecting it in a
longitudinal fashion to allow patch angioplasty to be created and
increased ﬂexibility during sheath insertion.
Fig 2. Floppy 0.018-inch wires are placed into each renal artery at
the beginning of the case to help mark the position of the renal
origins and facilitate lining up of fenestrations.
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f-EVAR case was performed in 2012. For the purposes
of evaluating the learning curve for both techniques, we
chose the ﬁrst 15 elective cases for each technique as
the ﬁfteenth f-EVAR case had reached 6 months of
follow-up at the time of this analysis. Standard imaging
follow-up consisted of computed tomography angiog-
raphy at 1 month, at 6 months, and annually postoper-
atively, with duplex ultrasound and noncontrast
computed tomography substituted in patients with renal
insufﬁciency. Patients undergoing emergent, rupture, or
unplanned bailout procedures were excluded, although
in our early experience with both techniques, no proce-
dures were performed for patients in this manner.
Preoperative planning. High-resolution computed
tomography angiography was performed on all patients
preoperatively, with the raw data reviewed on a three-
dimensional workstation by use of iNtuition software
(TeraRecon Inc, San Mateo, Calif). All AAA
morphology and measurements were obtained as
centerline measurements. For f-EVAR, clock positions
for the visceral branches were all determined with the
provided measurement tool and veriﬁed by the
manufacturer. The most popular conﬁguration was
double small fenestrations for the renal arteries and a
scallop for the superior mesenteric artery (SMA). After
custom design of the fenestrated device, each graft
required approximately 4 weeks for build and delivery
to our institution. All sn-EVAR cases were measured
on the same three-dimensional workstation with theintention of placing the proximal edge of the main
body device immediately below the SMA and placing
one or two renal snorkels from the high brachial or
axial approach.
PROCEDURAL TECHNIQUE
All procedures were performed in our hybrid endo-
vascular suite with a ﬁxed ﬂoor-mounted imaging Artis
zee system (Siemens Medical Solutions USA, Malvern,
Pa). Our standardized technique for sn-EVAR has been
previously published.16 Brieﬂy, by a two-surgeon team,
high brachial open access is obtained for two 7F  90-cm
sheaths (Terumo Medical Corp, Somerset, NJ) to
be delivered into both renal arteries with subsequent de-
livery of covered renal stents, with a standard device with
suprarenal ﬁxation placed from the femoral approach
(open or percutaneous, depending on patient anatomy)
and the proximal fabric targeted immediately below the
SMA.
f-EVAR was performed in our institution following the
manufacturer’s instructions for use and based on previously
described techniques.20,21 In general, bilateral femoral cut-
downs were performed, given the relatively large endograft
proﬁle (usually 20F or 22F) and the need for multiple sepa-
rate punctures in the valve of a 20F  30-cm sheath (Cook
Medical) on the contralateral side. In cases of small-caliber
access vessels (<7 mm iliac or femoral arteries), an iliac
conduit (10 mm Dacron) was sewn to an adequate portion
of the external or common iliac artery through a small
retroperitoneal incision, and the contralateral sheath could
be downsized to an 18F sheath. Fig 1 depicts one of our
modiﬁcations for creating an iliac conduit that allowed
additional manipulation and torquing of the proximal
Table I. Demographics and abdominal aortic aneurysm
(AAA) morphology of the two cohorts
sn-EVAR
(n ¼ 15)
f-EVAR
(n ¼ 15) P value
Demographics
Age, years 75.8 77.4 NS
Male/female 11/4 10/5 NS
Smokers 93.3% 73.3% NS
CAD 86.7% 80.0% NS
CHF 26.7% 46.7% NS
HTN 100% 93.3% NS
COPD 33.3% 13.3% NS
DM 6.7% 20.0% NS
Prior AAA repair 40.0% 6.7% NS
Baseline creatinine
level, mg/dL
1.12 (0.8-1.5) 1.28 (0.8-1.7) NS
AAA morphology
Maximum size, mm 65.8 (55-84) 61.6 (47-105) NS
Neck diameter 30.5 (18-38) 24.8 (19-38) .009
Neck length 1.1 (0-5) 4.5 (2-8) .0002
Single renal plans 33.3% 33.3% NS
Double renal plans 66.7% 67.7% NS
34- to 36-mm devices 13.3% 33.3% NS
30- to 32-mm devices 53.3% 13.3% NS
#28-mm devices 33.3% 53.3% NS
CAD, Coronary artery disease; CHF, congestive heart failure; COPD,
chronic obstructive pulmonary disease; DM, diabetes mellitus; f-EVAR,
fenestrated endovascular aortic aneurysm repair; HTN, hypertension; NS,
not signiﬁcant; sn-EVAR, snorkel endovascular aortic aneurysm repair.
Table II. Intraoperative and postoperative parameters of
the two cohorts
sn-EVAR
(n ¼ 15)
f-EVAR
(n ¼ 15)
P
value
Intraoperative ﬁndings
Need for conduit 0/15 (0%) 6/15 (40%) .02
Target vessel success 25/25 (100%) 24/25 (96%) NS
OR time, minutes 218 282 NS
Fluoroscopy time,
minutes
66.0 99.2 .03
Contrast material, mL 175.1 123.4 .05
Estimated blood loss,
mL
400 650 .07
Postoperative follow-up
Median ICU LOS,
days
1.0 (0-6) 1.0 (0-7) NS
Median total LOS,
days
4.0 (2-10) 4.0 (2-23) NS
Maximum
postoperative
creatinine level,
mg/dL
1.41 (0.9-1.9) 1.34 (0.8-2.5) NS
30-day mortality 0 0 NS
Endoleaks
Type I 1 0 NS
Type II 3 3 NS
Type III 1 1 NS
Secondary
reinterventions
2 (13.3%) 2 (13.3%) NS
f-EVAR, Fenestrated endovascular aortic aneurysm repair; ICU, intensive
care unit; LOS, length of stay; NS, not signiﬁcant; OR, operating room;
sn-EVAR, snorkel endovascular aortic aneurysm repair.
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access iliac vessel. Basically, a patch region is created by cut-
ting the tubular conduit along its long access, creating a
sewing patch that enlarges the transition from graft to
vessel and not limiting the ﬂexibility of the conduit to a
ﬁxed initial angle it is sewn into.
As mentioned before, access is obtained on the
contralateral side with insertion of the 20F sheath slightly
past the aortic bifurcation. The silicone valve of the
sheath is punctured at the 10- and 2-o’clock positions,
and 5F van Schie 3 or 4 catheters (70 cm long; Cook
Medical) are inserted through the valve to precannulate
the renal arteries. After successful catheterization of
both renal arteries from the contralateral sheath, 0.018-
inch wires are left in place to mark the renal artery posi-
tions (Fig 2).
The proximal component of the main body ZFEN de-
vice is then advanced up the larger femoral access side or
the side of the iliac conduit and oriented by the radiopaque
markers on the anterior and posterior aspects of the device
as well as in the vicinity of the renal guides (0.018-inch
wires). The proximal ZFEN component is unsheathed,
and through a third puncture of the contralateral 20F
sheath, 7F  55-cm Ansel sheaths (Cook Medical) are
inserted through the distal end of the proximal ZFEN
component and advanced near the custom fenestrations.
With use of van Schie catheters again through the coaxial
platform created and with use of the prior placed renal
0.018-inch guides, each renal artery is then catheterized
through the fenestration, and the 7F Ansel sheath canthen be guided into the target renal artery to provide a
sturdy conduit for delivery of the branch stent grafts. At
this point, the SMA scallop should be lined up as
designed during preoperative measuring, and minor
manipulation can be performed to minimize shuttering
on the basis of the known position of the SMA. The
diameter-reducing and tethering ties of the proximal
ZFEN component are released, and with the 7F Ansel
sheaths still in, compliant balloon molding further en-
hances the proximal seal. Covered 5-, 6-, or 7-mm iCAST
stents that are 22 mm in length (Atrium Medical, Hud-
son, NH) are then deployed within each renal artery
with one third (often turns out to be 5 mm) sticking
into the aortic graft lumen. The proximal ends of the
renal stents are then ﬂared with a 10  20-mm angio-
plasty balloon (FoxCross 0.035-inch PTA catheter;
Abbott Vascular, Sunnyvale, Calif) to better seal the
fenestration and to prevent outward migration of the
sent. Conﬁrmation angiography is performed to look
for type I or type III leaks while access is still maintained
to the renal arteries. If the result is adequate with seal, the
distal bifurcated component is advanced and positioned,
and then renal access is given up. The remainder of the
procedure is completed by deploying the distal compo-
nent and inserting extension iliac limbs if needed.
All data were collected and statistical analyses per-
formed with Excel 2007 (Microsoft Corp, Redmond,
Fig 3. Severe downward angulation of the renal arteries increases the difﬁculty of ZFEN catheterizations. Left,
Downward-going right renal artery. Right, Adjusted maximum intensity projection image shows a less angulated left
renal artery.
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exact test were used to test for statistical differences be-
tween the two cohorts, where appropriate, with values of
P < .05 considered signiﬁcant.
RESULTS
The ﬁrst 15 elective sn-EVAR cases were performed
from September 2009 to March 2011, and the ﬁrst 15 elec-
tive f-EVAR cases were performed from September 2012 to
March 2013. Patient demographics and preoperative aneu-
rysm morphology are shown in Table I and conﬁrm rela-
tively similar comorbidities between the groups. There
were more patients in the snorkel group (40% vs 7%) that
had prior AAA repair as four patients were treated for prior
EVAR with proximal endoleak. Aneurysm morphology was
slightly different between the groups, speciﬁcally with regard
to mean neck diameter and neck length. Because the ZFEN
device instructions for use recommend a neck of 4 to 14 mm
and the snorkel conﬁguration in our experience required
only 10 mm below the SMA,16 the mean neck length
was slightly longer for the f-EVAR group (4.5 mm vs
1.1 mm; P ¼ .0002), although both cohorts were essentially
composed of short-neck or juxtarenal AAAs. One third of
patients in both cohorts had preoperative plans for only
one renal fenestration or snorkel, and two-thirds of cases
had plans for both renal arteries. Baseline kidney function
was similar between the two groups.
Table II summarizes the perioperative ﬁndings for the
two cohorts. Most strikingly, the f-EVAR group, given thelarger sheath size for the ZFEN device (20F or 22F),
required a larger proportion of iliac conduits (40% vs 0%;
P ¼ .02). Four of the six patients in the f-EVAR group
requiring conduits were women, although women were
equally treated in both cohorts. The need for these con-
duits to deliver the ZFEN device probably accounts for
the slightly longer operative time (282 minutes vs
218 minutes; P ¼ .10) and increased blood loss (650 mL
vs 400 mL; P¼ .07) compared with the sn-EVAR technique.
Target vessel success, deﬁned as patent renal catheter-
ization and stent placement at the conclusion of the proce-
dure, was 100% in the snorkel group and 96% for the
fenestrated group. In the fourth ZFEN patient who had
an extremely downward going renal artery (Fig 3), we
were not able to successfully cannulate the right renal artery
despite multiple wire and catheter maneuvers described
later. On average, ﬂuoroscopy time was signiﬁcantly higher
and contrast material use was lower for f-EVAR compared
with sn-EVAR.
Nearly two-thirds of the patients stayed overnight in
the intensive care unit postoperatively and an average of
3 days on the ward before discharge. No patients required
hemodialysis in the postoperative period. Two perinephric
hematomas were noted early in the snorkel cohort, one pa-
tient had a brachial plexus injury from the high brachial
exposure, and one patient had a postoperative myo-
cardial infarction requiring no further intervention. In the
f-EVAR group, two patients had postoperative myocardial
infarctions that were medically managed, one patient had
Fig 4. Placement of an 0.018-inch buddy wire out the fenestration
into the suprarenal aorta holds the 7F Ansel sheath in place to allow
separate catheterization of the target visceral vessel with more stability.
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ery, and one patient had an occluded left renal stent that
was kinked on postoperative day 2 and was successfully
restented. The 30-day mortality was 0% for both groups.
In short-term follow-up to 6 months, two secondary
interventions were needed for both cohorts; a type I endo-
leak in the sn-EVAR group at 1 month required additional
balloon molding after the snorkels were reaccessed, and a
type III endoleak was treated at 3 months with an addi-
tional cuff. The aforementioned renal stent procedure on
postoperative day 2 in the kinked renal fenestration was
successful for the f-EVAR cohort, and an additional patient
at 3 months had a type III endoleak due to the fenestrated
renal stent’s not being fully ﬂared and was treated by reac-
cess of the renal artery and balloon molding. Overall sur-
vival at 6 months was 93% for the sn-EVAR group and
87% for the f-EVAR group, with patients expiring from
cardiac causes and not from any aneurysm or stent-
related complications. Similar primary renal patency was
noted between the two cohorts (96% for both groups).
No patient in either strategy has gone on to hemodialysis,
had aneurysm rupture, or required conversion to open
surgery.
DISCUSSION
We have documented early technical success and
acceptable short-term results with the learning curve periodfor sn-EVAR and f-EVAR techniques in two different time
periods. Comparison of these perioperative and early post-
operative outcomes highlights the challenges of complex
EVAR in terms of preoperative planning, intraoperative
decision-making, and follow-up. For the past decade,
f-EVAR has been available only in a handful of centers
and outside the United States; it has been shown to be a
safe and effective procedure,22 with 30-day mortality rates
of 2.1%,23,24 comparable to the 2.7% mortality after stan-
dard EVAR or 2.9% for infrarenal open repair.25 The popu-
larity of chimney and snorkel techniques is in large part due
to the theoretical advantages of having an off-the shelf de-
vice as well as limited access to the ZFEN trial, and results
have been similar in terms of midterm durability and tech-
nical success rates.18-20
With Food and Drug Administration approval and
training for ZFEN occurring throughout the United States
in the past year, our experience with both techniques pro-
vides some insights into the outcomes in these challenging
patients. Note in both cohorts undergoing sn-EVAR or
f-EVAR the relatively high incidence of smoking, coronary
artery disease, congestive heart failure, and chronic ob-
structive pulmonary disease. All patients being treated
were at least American Society of Anesthesiologists class 3
and generally referred speciﬁcally for endovascular repair af-
ter being turned down for open surgery. Familiarity with
the snorkel technique and the speciﬁc behavior of wires,
catheters, sheaths, and stents in the visceral vessels provided
experience on transitioning to the f-EVAR strategy.
Detailed preoperative planning is the parameter
perhaps most important to the success of both sn-EVAR
and f-EVAR. Although it is difﬁcult to quantitate, the abil-
ity to plan out procedures and to approximate device de-
ployments with three-dimensional reconstructive software
is mandatory for both techniques. Our estimate of the
time required for planning either type of strategy is between
1 and 2 hours per case. f-EVAR certainly relies on accurate
planning and clock positioning of the fenestrations, as poor
planning results in misaligned or lost branch vessels. Aggres-
sive oversizing of the proximal graft during f-EVAR plan-
ning can lead to difﬁculty in lining up fenestrations
because of the current construct with only single
diameter-reducing ties, in contradistinction to sn-EVAR,
in which oversizing is emphasized to allow enough proximal
fabric to wrap around snorkel stents to prevent gutter leaks.
Accurate length measurements in the preoperative
planning stage had a signiﬁcant impact on choosing distal
fenestrated component limbs because computer-
generated centerline lengths were often not the path the
device would take. Too much or too little overlap due to
poor length planning can lead to perioperative and postop-
erative issues. From this experience, we realized that the
computer-generated centerline led us to choose distal com-
ponents that were slightly long. We now alter the center-
line, creating a “best-ﬁt” centerline, which is more like a
racing curve taking the shortest route around corners.
We have seen up to a 15% difference in lengths if this is
not taken into consideration, which could lead to problems
Fig 6. Inﬂating a small angioplasty balloon into the origin of a difﬁcult-to-cannulate renal artery centers the sheath to
allow insertion into the target visceral vessel while the balloon is slowly deﬂated.
Fig 5. Multiple 0.018-inch wires into the left renal artery allows gradual stiffness to build up, facilitating catheter and
sheath insertion into the target vessel when slight misalignment is present.
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tric coverage. Another solution to provide a more consis-
tent ZFEN component selection is always to order the
shortest distal body and to use iliac limbs on both sides
to extend to the hypogastric origins.
The resurgent need for iliac conduits deserves mention
in this analysis, as 40% of patients in the f-EVAR group
required conduits. For sn-EVAR, the ability to use off-
the-shelf devices designed for smaller access is a signiﬁcant
advantage. Still, the process of placing several conduits
allowed us to create a new way to patch the iliac vessel
and to allow more ﬂexibility to facilitate sheath insertion
at multiple angled approaches (Fig 1). We performed this
by bisecting a 10-mm Dacron graft and creating a long
patch that incorporates the conduit.
The use of conduits probably increased our mean oper-
ative time and blood loss in comparing the two techniques,but we also believe that f-EVAR took longer because of
challenging renal cannulations. Our strategy involved pre-
wiring of the renal arteries (Fig 2) to have a ﬂuoroscopic
guide in positioning of the proximal ZFEN component
and cannulating of the renal arteries a second time through
the graft and fenestration. Having prewired renal arteries can
also provide a potential balloon bailout should the proximal
ZFEN component fabric cover the renal origin. We believe,
though, that additional wiring of the renal arteries (essen-
tially done twice each) accounted for the increased ﬂuoros-
copy time during f-EVAR compared with sn-EVAR
(99 minutes vs 66 minutes; P ¼ .03), but as a tradeoff we
noted less contrast material used (123 mL vs 175 mL;
P ¼ .05), probably because of avoidance of multiple angio-
graphic runs to localize the renal arteries.
Cannulation of the renal arteries in our experience was
most often the major factor in terms of time required to
Fig 7. Creation of a renal shunt by connection of the larger
femoral sheath side port into the 7F Ansel side port of the renal
artery catheterized ﬁrst provides systolic renal perfusion while the
second visceral vessel is being worked on.
JOURNAL OF VASCULAR SURGERY
Volume 60, Number 4 Lee et al 855complete the procedure. The typical downward angle of
most visceral vessels, including renal arteries, intuitively
makes things easier with the sn-EVAR strategy. The lone
renal artery that we were not able to treat with ZFEN
was severely downward going (Fig 3), and perhaps in this
case with the sn-EVAR approach, renal salvage would
have been achieved.
Even after wire access into the renal arteries is ob-
tained, sheath delivery to safely insert the visceral branch
stent can be a problem with angled renal arteries and un-
predictable tortuosity at the iliacs, distal aorta, and interac-
tion of the proximal ZFEN component and neck. Several
techniques worth mentioning that aided in sheath insertion
during our early experience included placement of an
0.018-inch buddy wire through the sheath and out the
fenestration cephalad into the aorta to maintain the sheath
pointed directly at the fenestration. With that stable posi-
tion, catheterization of the renal artery was facilitated
without the sheath’s continually kicking out of position to-
ward the opposite wall (Fig 4). We noted that when the
stiff wire was not stiff enough (Rosen wire; Cook Medical)
or too stiff (Amplatz Super Stiff wire; Boston Scientiﬁc,
Natick, Mass) to allow advancement of the 7F sheath
into the renal artery, again because of angulation or steno-
sis, use of sequential 0.018-inch wires (up to three)
through the 0.035-inch sheath lumen gradually builds up
stiffness that ultimately can allow passage of the sheath
(Fig 5). Finally, alpha looping of the sheath can occur
above the fenestration even with wire access, and inﬂating
a small angioplasty balloon (4-  20-mm FoxPlus PTA
catheter; Abbott Vascular) to hold the position in the renal
artery and advancing while slowly deﬂating this balloon al-
lows tracking of the sheath into the renal artery target
(Fig 6).
The manipulation of the renal arteries and all of these
aforementioned techniques trying to catheterize the renal
arteries are likely to have some effect on long-term renalfunction. Early in our sn-EVAR experience, use of exces-
sively stiff wire led to renal parenchymal injuries and peri-
nephric hematomas, which we solved by changing to a
softer J-tip Rosen wire.16 For both the snorkel and
ZFEN strategies, as soon as sheath access into the renal ar-
tery is secured, adequate anticoagulation should be main-
tained so that thrombotic material cannot form along the
sheath. On occasion, catheterization of the other renal ar-
tery takes more time and effort, and in trying to minimize
potential ischemia time from a 7F sheath in the origin of
the initial cannulated renal artery, we developed an endo-
vascular internal shunt. We connected the side port of
the 20F contralateral femoral sheath using a male-to-male
Luer-Lock connector to the 7F Ansel sheath that is placed
into the ﬁrst renal target cannulated (Fig 7). Once the sys-
tem is de-aired, the stopcocks are opened, and antegrade
ﬂow can be conﬁrmed by the systolic ﬂow of blood out
the renal sheath or by the use of a Doppler pencil probe.
Although it is difﬁcult to quantify how much more blood
ﬂow the slightly occluded renal artery is receiving through
this shunt, this relatively safe and inexpensive adjunct has
become standard for our ZFEN cases.
Postoperative issues were similar between the sn-EVAR
and f-EVAR cohorts in our experience, which was not sur-
prising, given the published literature that exists describing
the techniques. Of special concern that requires future
investigation is progression toward chronic kidney disease,
as many patients who have juxtarenal aneurysms have some
baseline signiﬁcant kidney function compromise. Future in-
vestigations will focus on acute kidney injury and long-term
development of chronic kidney dysfunction, given the im-
aging follow-up necessary for these patients.
There are obvious limitations to this analysis, namely,
this is not a concurrent series comparing the two tech-
niques. Fortunately, the demographics and overall AAA
morphology were relatively similar and the time periods
were not so far apart that signiﬁcant changes in periopera-
tive or postoperative care were noted. Most centers with ac-
cess to ZFEN are likely still to be in the early learning curve,
and with increasing surgeon experience, we would expect
results to slightly improve. Finally, the applicability of these
learning curve issues may be different to centers that did not
have prior experience with the snorkel or chimney tech-
niques, as we believe our prior experience aided in the suc-
cessful outcomes with the current ZFEN device.
CONCLUSIONS
We noted that a similar technical skill set is required to
successfully perform sn-EVAR and f-EVAR procedures. In
some cases, the experience from the snorkel procedures
served as a bailout strategy for the fenestrated strategies.
We believe that both techniques will have utility moving
forward, given the downward-going renal artery issue as
well as the wait-time for the custom fenestrated graft
currently available in the United States. Preoperative plan-
ning and three-dimensional software familiarity encompass
a large portion of the learning curve for f-EVAR, and the
technical limits of the procedure are related to successful
JOURNAL OF VASCULAR SURGERY
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fenestrations. Future and continued development of fenes-
trated and branched graft technology should focus on the
challenges of misalignment of branches, difﬁcult renal can-
nulation, and shrinking device caliber.
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Submitted Jan 28, 2014; accepted Mar 16, 2014.DISCUSSIONDr Brian DeRubertis (Los Angeles, Calif). Although open
repair of infrarenal abdominal aortic aneurysms has largely been
replaced by endovascular aneurysm repair (EVAR) over the last
2 decades, aneurysms that extend to or above the pararenal and
paramesenteric aorta remain as the next frontier for endovascular
surgery. As demonstrated by Schanzer and colleagues, over half
of the endografts placed currently are done so outside of the in-
structions for use for the respective devices, generally because of
limitations in proximal neck anatomy, and the outcomes in these
patients have been shown to suffer as a result. Additionally,many of the aneurysms we are now seeing at tertiary care centers
are being referred because of pararenal or paramesenteric locations
in patients with comorbidities that preclude open repair, and these
patients have no commercially available options for endovascular
repair. As a result of this, strategies including the use of snorkel
techniques and physician-modiﬁed endografts have become
increasingly more common. This manuscript compares the early
experience with the snorkel technique and the commercially avail-
able Cook ZFEN device, in which the ﬁrst 15 elective cases of each
type were compared in terms of preoperative patient and aneurysm
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comes. The most notable ﬁndings included increased operative
time, ﬂuoroscopy time, conduit usage, and blood loss in the fenes-
trated EVAR group relative to the snorkel group, although not all
of these reached statistical signiﬁcance.
Probably the most impressive result, however, is the 0% mor-
tality in these 30 patients, and I would like to ask the authors more
about this point. As one moves from a standard infrarenal EVAR to
a snorkel or fenestrated case, the complexity and likelihood of error
increases dramatically, and these patients who have generally been
excluded from open repair because of their comorbidities do not
tend to tolerate these errors well. I have three questions related
to this point:
d First, were there patients who did not fare as well as the ones
in this cohort that were excluded from analysis because they
were not purely elective in nature?
d Second, what do you quote as the risk of major morbidity and
death when consenting these patients?
d And, perhaps most importantly, when balancing the risk of
the procedure and the risk of rupture, what is your size cutoff
when recommending a snorkel or fenestrated repair? I ask this
question in particular because the average aneurysm size in
this study was only 6.4 cm and at least one patient had an
aneurysm of only 4.7 cm.
In regard to the issue of the learning curve required for these
procedures, I am not convinced from your manuscript that they
are really that similar. The ZFEN cases had more operative time,
ﬂouro time, and blood loss. Additionally, you had been performing
snorkel cases for almost 3 years before beginning ZFEN cases, and as
you allude to in your manuscript, it is possible that many of the skills
developed in these cases could help overcome the learning curve in
the fenestrated cases. My questions related to this therefore are:
d Do you have an opinion regarding which of these two tech-
niques is easier to learn and perform?
d Does it differ in emergent or elective settings?
d And ﬁnally, as technology like the ZFEN is rolled out, do you
think that centers without experience with off-label endovas-
cular repair of pararenal and paramesenteric aneursyms will be
able to achieve results similar to what you have presented
today?My ﬁnal question relates to your future use of the snorkel pro-
cedure. Now that you have experience with both and access to a
commercially available fenestrated graft, do you see yourself
continuing to use the snorkel technique in patients that can be
treated with a fenestrated device, and if so, in what circumstances?
Dr Jason T. Lee. To answer your questions:
1. Early in the experience, we did not perform either technique
on urgent or emergent patients. That is why we believe with
carefully chosen techniques and patients, we can strive for
0% mortality. Obviously, as our experience has improved for
the snorkel/chimney technique, we now use this in rupture
scenarios with good results.
2. Consenting is an important issue. We still have an Institutional
Review Board-approved protocol for complex EVAR that we
enroll all our snorkel, chimney, fenestrated patients into simply
to capture their long-term outcomes accurately. We quote a
3% mortality, which we mention is threefold higher than our
elective standard infrarenal EVAR risk. Morbidity depends
on the general condition of the patient, but often discuss renal
function decline and dialysis as the major issue at about 5%.
We also mention myocardial infarction and stroke in the 3%
to 4% range.
3. We have no cutoff for offering these repairs. We use the stan-
dard 5.5 cm for elective patients, and in the series, the 4.7-cm
patient had rapid enlargement from 3.5 cm over 6 months.
4. We agree it’s not apples to apples in comparing the two tech-
niques; rather, we wanted to highlight what could be learned
from having both techniques at our disposal. Dr DeReburtis
is absolutely correct in pointing out that by the time we go
to the 15 ZFENs, we had already done nearly 50 snorkel/
chimney procedures. The planning for ZFEN is the limiting
factor and therefore is slightly more complicated. In an emer-
gent standpoint, obviously since the ZFEN is custom created,
is not available.
5. The likelihood that an unexperienced center will have a large
volume is probably quite low. Experience comes from a
referral pattern for complex aneurysms, and we’ve been fortu-
nate to gather this experience over the years. We hope that by
carefully analyzing our early results, all centers can learn from
our experience.
